Design Research Society

DRS Digital Library
DRS Biennial Conference Series

DRS2012 - Research: Uncertainty Contradiction
Value

Jul 1st, 12:00 AM

Integration of Generative Research and Sustainability into the
Product Design and Development Process
Senem Turhan
Middle East Technical University

Cagla Dogan
Middle East Technical University

Follow this and additional works at: https://dl.designresearchsociety.org/drs-conference-papers

Citation
Turhan, S., and Dogan, C. (2012) Integration of Generative Research and Sustainability into the Product
Design and Development Process, in Israsena, P., Tangsantikul, J. and Durling, D. (eds.), Research:
Uncertainty Contradiction Value - DRS International Conference 2012, 1-4 July, Bangkok, Thailand.
https://dl.designresearchsociety.org/drs-conference-papers/drs2012/researchpapers/140

This Research Paper is brought to you for free and open access by the Conference Proceedings at DRS Digital
Library. It has been accepted for inclusion in DRS Biennial Conference Series by an authorized administrator of DRS
Digital Library. For more information, please contact DL@designresearchsociety.org.

DRS 2012 Bangkok
Chulalongkorn University
Bangkok, Thailand, 1–4 July 2012

Integration of Generative Research and
Sustainability into the Product Design and
Development Process
Senem TURHAN and Cagla DOGAN
Middle East Technical University
Abstract
To explore the relationships between the generative research and design for sustainability
at the idea generation phase of the design process, a design research method that emerges
from generative research approach “Experience Reflection Modeling” (ERM) has been
developed and integrated into a design for sustainability project within the context of
design education in the Department of Industrial Design at the Middle East Technical
University (METU). The ERM method brings together 3D modelling, interview and video
recording techniques to help user reflect her/his needs, experiences, preferences and
expectations regarding a product lifespan. This method focuses on integrating user
observations with the idea generation phase of the product design and development
process.
This paper presents initial conclusions and findings from a doctoral study with an emphasis
on the development of the ERM method. Firstly, it will provide an overview of the
generative research with a particular focus on the ERM involving people in the early stages
of the design process. Then, it will present “My Sustainable Mini Oven” project and its
sustainable design considerations. Subsequently, the paper will illustrate how these
considerations (e.g. engaging design solutions, energy consumption, product maintenance
and repair, etc.) are integrated into the ERM method. Finally, further conclusions and
insights in terms of the relationships between the ERM and sustainability will be discussed.
Keywords: generative research, sustainable design considerations, experience reflection
modelling, design education, mini oven
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Introduction
Design for sustainability is an evolving area for the product design process that puts
people and nature at the focal point through considering the whole life span of a product.
Many approaches have been developed for product design for sustainability, however a
new way of design thinking is needed that integrates sustainability and user knowledge
into the early stages of the product design and development process. People’s
involvement in the early stages of the design process is critical in terms of sustainability
to bridge the gap between sustainable solutions and people, and to prevent
unsustainable consumption patterns such as unintended use of products and
unacceptability of sustainable design solutions. The more profound knowledge about
people’s needs, experiences, preferences and expectations the designers get, the more
acceptable, adaptable and locally relevant sustainable solutions would emerge through
design-based approaches. Thus, generative design research methods would have the
potentials for enabling and incorporating sustainability considerations at the idea
generation phase of the design process. For this end, the Experience Reflection
Modelling (ERM) method has been developed, and it has been incorporated into an
educational case in order to explore the implications and potentials of it for the early
stages of the product design and development design process. This paper is a part of a
doctoral study that aims to develop the ERM as an evolving design method, and to
explore and examine its adaptability and applicability in the design process. The ERM is a
design research method emerged from generative research approach, particularly from
3D modelling technique. It brings together 3D modelling, interview and video recording
techniques to help user reflect her/his needs, experiences and expectations regarding a
product.

Generative Research for the Idea Generation Phase
Design process involves three stages of research such as exploratory, generative and
evaluative. Exploratory research aims to gather a comprehensive understanding of
people and research context by surveys, questionnaires and user observations.
Generative research focuses on understanding user needs, desires and preferences
more profoundly. Evaluative research is used to test and assess the design concepts
considering user needs and expectations (Hanington, 2007). The main focus of this study
is exploratory and generative rather than evaluative. Exploratory and generative research
provide information for the idea generation phase, both of which are used as
complementary research approaches in the fuzzy front end of the design process.

Explore

Generate

Discover

Design ethnography
Contextual inquiry
Cultural probes

Make
Generative kits
Participatory design
Co-design

Evaluate

Refine
Emotion
Usability
Human factors

Figure 1 Model of design research
Source: Hanington (2007)

Generative research involves three dimensions such as form, context and purpose of
tools and techniques that are used. Form describes the actions of participants in a
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generative research activity such as making, telling and enacting due to the purpose of
the process. Context describes whether tools and techniques are used by individually or
by a group via face to face or online sessions (Sanders et al., 2010). The type of form
and context depends on the purpose of the generative research tool and/or technique
that are incorporated into a research process. The purpose of the generative research
tools and techniques can be categorized differently, however these categorizations show
similarities considering their intents and implications for design research (Sanders et al.,
2010; Hanington, 2007; Levitt & Richards, 2010).
Sanders et al. (2010) describes the purposes of generative techniques through four
dimensions such as:


probing participants,



priming participants in order to immerse them in the domain of research topic,



understanding their current experiences and needs, and



generating ideas or design concepts for the future.

Hanington (2007) specifies the purposes of generative techniques as projective and
constructive. The projective techniques are generally used at the early stages of
generative process. They focus on exercises enabling participants to express their
thoughts, feelings and desires that are difficult to communicate through more
conventional verbal techniques. This process includes collage, drawing, diagramming,
image and text-based exercises. The constructive techniques, which are used in the later
stages of generative process, emphasize exercises enabling participants to develop
flexible and creative concepts based on parameters set by the projective techniques (e.g.
Velcro modelling). Levitt and Richards (2010) define the purposes of the generative
techniques as priming, dreaming and creating. Priming aims to prepare participants for
the research topic by immersing them in their current thoughts, feelings and behaviour.
Dreaming aims to disclose the hidden or subconscious thoughts and emotions through
understanding the current experiences and the future expectations of participants.
Creating aims to build solutions that integrate participants’ dreams for future (Table 1).
Probe
Project
Prime

Stages of Generative Research Method
Understand
Generate
Sanders et al. (2010)
Construct
Hanington (2007)
Dream
Create
Levitt & Richards (2010)

Prime

Table 1
Comparison of stages of generative research methods

Different types of generative tools and techniques can be used according to the form
explained above (i.e. making, telling and enacting). For instance, diaries, cards with
images or text, logs, workbooks can be used to encourage people to talk and explain in
detail about their experiences and thoughts, while Velcro modelling, collages and mindmapping can be used to trigger people to make tangible things that represent their
thoughts and experiences. Those tools and techniques can be conducted by individually
or by a group of people through online mediums or face to face sessions (i.e. the context
of generative research). Sanders et al. (2010) formulate the framework of the tools and
techniques according to the form, purpose and context dimensions of generative
research. They can be used in various forms, contexts and purposes, and they can also
be used together depending on the research aim, content and process (Sanders, 2000).
However, a systematic and strategic combination of these tools and techniques is needed
to integrate and use generative research more effectively within the product design and
development process.
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My Sustainable Mini Oven Project
The project entitled “My Sustainable Mini Oven” was developed and undertaken in the
Department of Industrial Design at the Middle East Technical University (METU) in 2011,
in collaboration with a major manufacturer of household appliances. The ERM method
was incorporated within the context of this educational project. The main target group of
this project was local users and households with low-middle income level. Households
with small children, student and bachelor households, working single parents, elderly
people living alone, etc. were also taken into consideration as potential mini oven users.
The main objective of the project was to rethink and re-contextualize the mini oven
considering its whole product lifespan. This project also aimed to develop design
solutions for mini oven and further emphasized its economic and practical aspects by
incorporating sustainable design considerations.

Sustainable Design Considerations
The product design process should be considered as a whole from the beginning to the
end regarding its environmental, social and economical impacts throughout the entire
lifespan of a product (Papanek, 1985). Thus, the development of design solutions taking
into account both the use and post-use phases (i.e. repair, reuse and recovery) is one of
the significant sustainable design considerations.
Product maintenance and repair, engaging design solutions for serving, hosting, cooking,
and energy efficiency and consumption focusing on user behaviours were the sustainable
design considerations within the context of this project. These considerations emphasized
both technical and socio-cultural aspects of the product lifespan. These considerations
were not only incorporated into the ERM phase, but they were also considered
throughout the all phases of the design process explained in the following sections.

Product Maintenance and Repair
By reconsidering the materials and the components of a product, its lifespan can be
extended through post-use scenarios in terms of maintenance, repair, reuse (Walker,
2010; Dogan, 2007; Cooper, 2005), and emotional attachment (Chapman 2005; Verbeek
& Kockelkoren, 1998). Out-dated technological and design components of a product
result in rapid product disposal in line with the changes in technology and trends (Walker,
2010). Additionally, inaccessibility of product parts or components may hinder the product
maintenance and repair as well as distance people from the products they use (Walker,
2006). From the point of this approach, through design intervention designers can make a
significant contribution to existing objects that are less valued or discarded. Thus,
obsolete objects may become useful and aesthetically appealing which is in accordance
with the economic, social and environmental aspects of sustainability (Marchand &
Walker, 2007). Product maintenance, and product part replacement and upgradability are
among the sustainable design considerations to prolong product lifespan.
In this project, this consideration included ease of maintenance and cleaning, as well as
refurbishing, replacing or renewing out-dated or worn-out parts technically or aesthetically
through adding new functions or offering optional design features for mini oven.

Engaging Design Solutions
Many approaches in sustainability have a main focus on environmental aspects (e.g.
Cradle to Cradle (McDonough & Braungart, 2002); The Natural Step (Robért, et al.,
2002), etc.), however, Papanek (1995) emphasizes the importance of both ethical and
social considerations as they relate to the product design profession. According to him,
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design should bridge human needs, culture and ecology to better address the impacts of
products environmentally and socially. In many environmental approaches, the main
focus is on consuming fewer resources, preserving for the future, and focusing on
conservation and energy efficiency, however those would not be effective by themselves
unless product designers link these considerations to social issues. Therefore, local
knowledge and skills, and personalization of objects through integrating people into the
early stages of the design process gain importance to enhance product diversity for
various user needs and tastes (Walker, et al. 2009) and to develop design solutions for
sustainability.
In this project, engaging design solutions taking into consideration the local culture and
rituals (i.e. cooking, baking, serving, hosting, and local cuisine) had the potential to enrich
user experience and product user interaction, promoted product value, meaning and
longevity, and encouraged product personalization (e.g. personal cooking habits and
styles resulting from past experiences).

Energy Efficiency and Consumption
Behavioural change aims to reduce the negative impacts of products occurred during the
use phase (e.g. energy and water consumption, etc.) by influencing users’ behaviours
through employing various strategies in the product design process. Since these impacts
are dependent on user behaviour, encouraging behavioural change is critical for reducing
the negative environmental impacts of products. To this end, various strategies have
been developed. For instance, two of these strategies are aiming at reducing energy use
such as improving the energy-efficiency of a product (i.e. reducing energy consumption
by technological improvements) and enabling different use pattern of a product (i.e.
behavioural strategies to reduce energy consumption) (Poortinga, et al., 2003). According
to the behavioural change framework, improving energy efficiency of a product through
technical interventions is not sufficient alone to reduce the impact of product use; instead
a fundamental change in use should be initiated by products (Lilley, et al., 2005).
In this particular project, raising awareness about energy efficiency and consumption
along with communicating the use of energy in household appliances were important
design considerations to create more sustainable solutions and to promote changes in
user behaviour in line with responsible consumption patterns. Therefore, the design
solutions were informed by user behaviour and usage patterns (e.g. using an oven next
to a refrigerator, pre-heating or cooling off a mini oven) affecting energy efficiency and
consumption.

Project Phases
The project lasted nine weeks with the participation of 26 students. The design research
phase of the project was conducted by teams including five or six members whereas the
idea generation phase was conducted individually (Figure 2).

Figure 2 Phases of my sustainable mini oven project

Conference Proceedings

1899

Senem TURHAN and Cagla DOGAN

Literature search and user observations: During the literature search phase, each
team focused on a given topic such as oven types and working principles of ovens, safety
issues in ovens, current mini ovens in the local and global market, sustainability and
design, and new approaches in kitchen white goods. Concurrently, each team carried out
field observations and interviews on mini ovens used in private homes and offices. During
the user visits, the students observed the activities carried out and the environment in
which they took place. The user observations were the probing phase for the Experience
Reflection Modelling, since the users participating in this phase were recruited for the
ERM sessions.
Experiencing use process: This phase enabled students to have a better understanding
of use experience (e.g. preparation, baking and serving) with two different brands of mini
ovens in the design studio. It was a first-hand baking experience for some students; they
had the chance to bake together with the experienced students.
Disassembly-assembly of the product: The session was carried out with a service
technician who disassembled and assembled a mini oven. The aim of this session was to
better understand the working principle, technical details and basic parts of the mini oven,
and to gain an understanding about the product in terms of product maintenance and
repair.
Phases up to the ERM aimed to enrich students’ knowledge about the project, and to
increase their participation in following phases. After the ERM phase, the students carried
out the following idea generation and design detailing phases individually of the design
and development process.

Experience Reflection Modelling (ERM)
To better understand the local knowledge and the relationships between users and the
sustainable design considerations, the Experience Reflection Modelling was developed
and incorporated into the My Sustainable Mini Oven project. The aim of this phase was to
conduct exploratory and generative ERM sessions with the participants that the student
teams met during the user observations phase.

Figure 3 The Experience Reflection Modelling (ERM) method
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The ERM brings together 3D modelling, interview and video recording techniques to help
user reflect her/his needs, experiences, preferences and expectations regarding a
product in terms of product-user interaction, resource and energy consumption, product
maintenance and repair, etc. (Figure 3). The ERM method focuses on integrating user
observations with the idea generation phase.
During the ERM session, each student team asked the participant various questions
about her/his mini oven experiences and preferences by using the ERM schedule
provided. In response to that, the participant expressed her/his thoughts (i.e. she/he
“thinks aloud”) as she/he brought together the components of a mini oven by using the
toolkit provided (Figure 4). Each session proceeded step by step with the responses of
the participant as she/he was building the 3D model. This process mainly helped the
participants to recall their experiences and to reflect their preferences and needs related
to the product. Thus, the active involvement of the participants in the ERM process
appeared to be essential.
Unlike the final 3D model itself, the focus of the ERM is to understand the participant’s
priorities and preferences together with their reasons during the session. The interaction
takes place with the use of a 3D modelling toolkit along with interview and video
recording. It aims to retrieve different levels of knowledge (i.e. explicit, tacit and latent) by
enabling the participant to realize and recall the use context, and to reflect on the 3D
model. Thus, the ERM appears to be suitable and effective for the early stages of the
product design process to generate input for the idea generation phase.
The 3D modelling toolkit and the interview schedule used in the mini oven project were
developed with the tutors of the course through a pilot study. Before starting the ERM
sessions, information about the pilot study and the ERM method was provided to the
students through a lecture by the doctoral researcher. After this session, the students
prepared their toolkits, and conducted and analysed sessions in teams.

The ERM Toolkit
The ERM toolkit includes simple and abstract 2D and 3D forms representing various
potential components of a mini oven such as main body, door, handle, trays, shelves,
racks, controls and displays, hotplates, cable, feet, etc. It also includes different materials
such as coloured pens and pencils, paper tape, cable, wire, play-dough, various types of
papers, fabrics, etc. to tailor the model to the specific requests or needs of the
participants (Figure 4).

Figure 4 ERM toolkit used in the mini oven project
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For the pilot application, the researcher developed the components of the ERM toolkit of
the mini oven that were drawn by a vector drawing program and then produced from a
paper-based material by laser cutting machine. The documents related with the toolkit
were shared with the students before the ERM sessions started. The student teams were
allowed to make small alterations and adjustments on the proposed components. The
researcher experienced that removable and reusable putty-like adhesive such as Tack-it,
Blu-Tack, etc. were more affordable and practical than Velcro. Thus, these more practical
alternatives were used to bring together the components of the toolkit.

The ERM Interview Schedule
The ERM interview schedule consists of brief information about the research and the
questions. The questions are based on use process and lifespan of a product which the
participant has experienced before. For this end, the ERM interview schedule that was
used in the project covered the processes of baking preparation, baking, serving,
cleaning, maintenance and repair of a mini oven. The participant envisioned these
processes through bringing together the components of a mini oven by using the ERM
toolkit, and responded the questions related to these processes through thinking aloud.
The questions were specially constructed to understand the relationships between user
experience and the sustainable design considerations highlighted in the project brief. For
instance, opening the mini oven door frequently during the baking process would not be
perceived as a behaviour pattern of increasing energy consumption by the participant.
The main intention for this behaviour would be to check whether the food was ready or
not. Instead of asking the participant her/his opinions about the energy consumption,
“How often would you check your food during baking?” was asked while the participant
was reflecting on the 3D model. If the participant checked the food by opening the mini
oven door, the questions such as “Would you prefer to check in a different way? Why?”
were prompted to gather more information to encourage design solutions for changing
the behaviour on energy consumption.

The ERM Sessions
Each student team invited one of the participants from the user observations phase to the
university for the ERM sessions. Five sessions were conducted in two days, and each
session by each team lasted approximately one hour.
There was only one participant involved in each session, and the ERM interview
accompanied by the 3D modeling process was prepared and applied accordingly in the
ERM sessions (Figure 5). The sessions were video and audio recorded. Active
involvement of the participant was encouraged, however when the participant asked for
help, the design students helped her/him in 3D modelling process without directing
her/him. The participant was allowed to make any changes on the 3D model during the
session. At the end of the session, the participant completed the whole 3D model of a
mini oven.

1902

Conference Proceedings

Integration of Generative Research and
Sustainability into the Product Design and Development Process

Figure 5 Participants in the ERM sessions

The ERM Analysis
An ERM analysis sheet was developed for the analysis phase of the sessions. The
analysis sheet included selected critical video frame(s) regarding the analysis, a quote
from the transcription of the participant’s expressions and insights for the analysed part, a
title summarizing the quote, title of the insight, time slot of the video frame, demographics
of the participant (e.g. gender, age, occupation, etc.), and names of the team members
conducting the session (Figure 6).

Figure 6 ERM analysis sheet
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The student teams selected at least ten frames from the video stream that they found
inspiring and significant for the idea generation phase. Controls and displays,
maintenance and repair, and energy efficiency and consumption were mostly mentioned
topics in the analysis sheets. Serving, hosting and local values were following these
themes. There were other topics mentioned in the ERM analysis sheets such as
problems related with the mobility of a mini oven, accidents, mini oven parts and visual
features of a mini oven.
All analysis sheets were displayed on the boards in the design studio, so that all analyses
were shared with all students. Each student reviewed all the ERM analysis sheets
prepared by the student teams, and highlighted approximately ten findings with coloured
stickers that she/he considered as significant within the project context. This technique
made noteworthy findings and insights more visible. After this phase, to define design
solution areas, each team prepared posters related to five different themes (i.e. serving,
hosting and local culture; maintenance, cleaning and repair; energy efficiency and
consumption in relation to usage patterns; controls and displays; and others) through
discussions of the analysis sheets.

Conclusion
This field research case was the first implementation of the ERM in an educational design
project. It aimed to explore how the ERM could be integrated into the product design and
development process, and which techniques and tools and how the design
considerations could be incorporated into the ERM. The process of this case is revisited
below according to the framework of the ERM.

Limitations
The ERM was implemented in a mini oven project in this research. Incorporating this
method into a different project, and developing toolkits and interview schedules for other
product categories appeared to be critical to develop the ERM method further. Through
the analysis of further research cases, it can also be offered some guidelines and insights
for the design educators and researchers who are willing to employ the ERM in the
educational design projects. This would also improve the applicability and adaptability of
the ERM.
Developing alternative analysis techniques to create inspiring and emerging themes for
the early stages of the design process was found important to relate the ERM with the
idea generation more effectively. This finding could be explored and addressed in the
further researches.
This research mainly focused on the implementation of the ERM in the design process.
Opinions and suggestions of the participants and the design students for the
development of the ERM process would also be very valuable to improve the ERM
sessions and 3D modelling experience further.

Design Research Insights into the Development of the ERM
The ERM sessions involving 3D modelling and interview techniques enabled the students
to relate the visual data generated by the participant’s modelling with the verbal data
generated by the participant’s wording. This process was a preparation phase for the idea
generation through focusing on in-depth user experience.
Additionally, conducting a pilot study beforehand by the researcher, providing interview
schedule, toolkit, and analysis sheet to students, and using the same research
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environment and setting for the sessions allowed the students to focus just on the ERM
process and the results of these sessions for the idea generation phase. On the other
hand, the pilot study for conducting an ERM session was essential for the researcher to
explore and revise the techniques and tools used in the ERM process. After the pilot
study, adjustments and revisions were made on the interview schedule and the toolkit.
The tools and techniques used in this case enabled the participants to express and reflect
their needs, preferences and expectations both visually and verbally. However, to what
extent participants felt comfortable in this process and to what extent the toolkit assisted
them to express and reflect themselves were not mainly explored and examined in this
case, which appeared to be worth exploring in the future research cases.

Design Research Insights into the Development of
Sustainability Considerations
The ERM interview schedule used in the mini oven project addressed the product
lifespan of a mini oven, and it was prepared in relation to the sustainable design
considerations included in the design brief. By this way, the students realized the
potential design solution areas by exploring user behaviours that appeared to be
important in terms of sustainability. The findings and insights from the ERM analysis
related with sustainable design considerations are presented below:

Product maintenance and repair: One of the most mentioned topic about the
product maintenance was cleaning of a mini oven. The parts of a mini oven should be
cleaned easily after baking phase, which also included ease of cleaning of trays, mini
oven door, door handle, controls, heating parts and inside of the mini oven. The heating
parts of a mini oven should be hidden, since they were found to be the most difficult parts
to be maintained and cleaned. Additionally, the participants wanted to refurbish and
replace easily worn-out parts such as trays, controls and handle for product maintenance
and repair. Moreover, the design solutions should also enable them to renew and
personalize some parts of the mini oven to prolong of the lifespan of the product.
Engaging design solutions: People did not prefer to use trays of the mini oven for
serving, since they did not find them visually pleasing for hosting. The trays of the mini
oven should be rethought for service ritual as a significant cultural aspect for preparing,
serving, etc. Various accessories need to be offered or rethought that facilitate the
service ritual. The body of the mini oven could enable people to personalize by adding
decorative objects on it. Besides, the participants commonly expressed that they hid the
mini oven under the counter or in closed environments, or placed it on the fridge unless
they used it. As a result of this, they frequently changed the location of it in the kitchen.
Thus, the design solutions should support the mobility or portability of the mini oven in the
kitchen such as rethinking the body, handles and cable.
Energy efficiency and consumption: Opening the mini oven door to check the food
during baking was one of the most mentioned behaviour pattern in the sessions that
resulted in energy consumption. Therefore, the visibility of food in the mini oven appeared
to be critical to check the food without opening the door. Additionally, the sealing of the
mini oven door should be considered for increasing the heat insulation. Furthermore, the
volume of the mini oven could be capable of baking more at once for energy efficiency.
Alternative design solutions should be offered for cooling off the mini oven, since the
participants mentioned that they could not utilize the energy during cooling phase.
Through the ERM method incorporated in the My Sustainable Mini Oven project, the
students experienced a design research process that enriched their interactions with the
users. Thus, the students explored and understood the real mini oven user, use context,
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user behaviours, and local and cultural values related to the mini oven thoroughly that
enabled them to generate ideas based on a profound understanding and analysis of the
user experience. The ERM as a generative research phase would provide many
potentials for both design education and practice through encouraging people’s
involvement in the early stages of the product design and development process to bridge
the gap between sustainable solutions and people.
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